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© A backplane, provides a physical layer level 
interconnection between a plurality of modules. The 
backplane includes a physical layer implementation 
of an interconnection topology incorporated within 
one or more integrated circuits called interconnect 
chips. Incorporated on the interconnect chips are 
interconnect drivers and interconnect receivers for 
the physical layer implementation of the interconnec- 
tion topology. These interconnect drivers and inter- 
connect receivers provide point-to-point links be- 



tween the physical layer implementation of the inter- 
connection topology and the plurality of modules. 
Each point-to-point link may include two separate 
point-to-point link lines, one for an interconnect driv- 
er and one for an interconnect receiver. For the bus 
interconnection topology, alternately, each point-to- 
point link may be tri-level. including only a single 
point-to-point link line. The interconnection topology 
may be, for example, a bus topology, a ring topol- 
ogy or a circuit switched topology. 
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The present invention concerns an improved 
physical layer architecture for use in a computer 
system. The invention is particularly useful for en- 
hancing the performance of a physical layer im- 
plementing a bus topology, but may also be used 
to enhance performance of other interconnection 
topologies such as a ring topology or a circuit 
switched topology. 

In computer systems, a bus is an interconnec- 
tion topology commonly used to communicate be- 
tween logical blocks or modules. The modules con- 
nect to a common media, such as a set of printed 
circuit board traces of wires. The rules that govern 
the access of modules to the bus and the data 
transfer constitute the bus protocol. Generally, all 
modules on a bus must use the some protocol. 

A typical implementation of a bus consists of a 
set of traces embedded in printed circuit (PC) 
board. Modules connect to the bus through bus 
transceivers. Modules connected to a bus may all 
reside on the same PC board. Alternately, modules 
of a bus may reside on separate PC boards and be 
attached to the electro-mechanical structure that 
incorporates the physical media of the bus through 
a series of connectors. The electro-mechanical 
structure that incorporates the physical media of 
the bus is called a bus backplane. Various stan- 
dards have been developed which define the phys- 
ical features of the backplane and the bus pro- 
tocols. These bus standards include VME, 
Futurebus, Multibus, Nubus. The use of such bus 
standards allows for end users to configure their 
own computer systems on a single bus backplane 
to be able to use a.varioty of modules designed by 
many different vendors. 

Typically in the physical architecture of a 
microcomputer, the bus backplane is incorporated 
on the main PC board, called the mother board, 
that houses the logic for the microcomputer. Plug- 
in modules, some of which are referred to as 
daughter boards, are attached to the mother board 
using connectors. The plug-in modules may in- 
clude, for example, PC boards which include mem- 
ory, a controller for a disk drive, a controller for an 
interface to a physical layer of an interconnection 
topology, logic that controls a serial port and/or 
logic that controls a parallel port. 

In general, for communication between the 
modules of a computer system, bus topologies are 
preferred to other topologies such as ring topolog- 
ies or switched topologies for a number of reasons. 
For example, Bus protocols are generally much 
simpler than protocols for other topologies. Also, 
bus topologies are highly configurable. That is, 
each slot position on a bus to which a module may 
be added is equally connected to modules on all 
other slots on the bus. Additionally, bus topologies 
are inexpensive. The common media consists only 



of metal lines and connectors. Each slot of the bus 
slot is sufficiently inexpensive to provide that the 
incremental expense for providing unused slots is 
not prohibitive. 

5 However there are certain practical limitations 

to the use of bus topologies. For example, the 
capacitive loading on a bus due to the attached 
modules greatly increases the propagation delay. 
This directly affects the data transfer rate in most 

10 types of data transfer protocols, for example syn- 
chronous protocols in which data transfers are cen- 
trally clocked, and in compelled asynchronous pro- 
tocols which require a handshake on every data 
transfer. The only data transfer type which is not 

is impacted by the bus round trip delay caused by 
capacitive loading is uncompelled source synchro- 
nous bus transfers in which a long burst transfer is 
clocked by the sender. In such a transfer the data 
transfer rate is only limited by skews between bits , 

20 of data and strobe. 

The capacitive loading also decreases the im- 
pedance of a bus line to a very low value, i.e., 
approximately 20 ohms. Since a bus driver on the 
bus sees half the bus impedance, i.e.. 10 ohms, 

25 high currents are required to drive the bus at full 
speed. For example, a three volt swing on the bus 
which is typical for TTL. will require 300 milliamps 
(3 volts divided by 10 ohms) to drive the bus on 
the first transition with proper termination. Since 

30 most bus drivers are rated only at 50 to 100 
milliamps, the bus is typically under terminated 
and dependent on reflections to build up the signal 
to the final level. The reflections take one or more 
bus round trip delays to settle resulting in a settling 

35 time delay that is a significant portion of the trans- 
fer cycle time for a bus. 

The settling time penalty can be avoided by 
driving the bus properly with full termination. This 
can be done by increasing the drive current, which 

4d unfortunately significantly increases the power and 
noise in the system. Also, higher current bus dri- 
vers have larger output capacitance which further 
reduces bus impedance. Alternately, the settling 
time penalty can be avoided by reducing the volt- 

45 age swing. For example, the bus can be imple- 
mented using Backplane Transceiver Logic (BTL) 
which uses lower capacitance transceivers to re- 
duce bus loading and uses lower signal levels to 
reduce the required amount of drive current to an 

so acceptable level (i.e.. 50 to 100 mA) while still 
driving the bus under full loading on the first transi- 
tion (without reflections). Eliminating the settling 
time of the bus significantly improves the data 
transfer rate on state-of-the-art buses. Typically this 

55 improvement is 50%. 

The high currents required for driving the bus 
not only take a lot of power, but also limit the 
number of transceivers that can be incorporated in 
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a single integrated circuit due to the power dissipa- 
tion limits of the integrated circuit package. Typi- 
cally, each integrated circuit is limited to eight to 
ten transceivers. Consequently, wide data/address 
fields and the associated synchronization signal 
require multiple integrated circuits for transceivers. 
For example, five to six integrated circuits contain- 
ing transceivers may be necessary for a 32 bit bus 
which includes control bits and a clock. Differences 
in propagation delay (skew) between transceivers 
in different chips due to process, temperature and 
supply voltage variations require that a synchro- 
nization signal be delayed by the amount of the 
skew in order to guarantee that data sent across 
the bus is valid before a synchronization pulse 
arrives at the bus receiver. This delay is a signifi- 
cant factor limiting the maximum data rate on bus- 
es. 

Summ ary of the Invention 

In accordance with the rvnlr-rfon nmrvvlirnent 
of the present invention, a bos twick plane is pre- 
sented. The bus backplane pfoviccs a physical 
layer level interconnection betweer a pijraJity of 
modules. The bus backplane includes a plurality of 
bus lines incorporated within one or more inte- 
grated circuits. Each integrated Ofcu't which in- 
cludes at least one bus line is also horom referred 
to as a bus chip- 
Incorporated on the bus chips with the bus 
lines are also bus drivers and bus receivers for the 
bus lines. These bus drivers and bus receivers 
provide point-to-point link between the bus lines 
and the plurality of modules. Each point-to-point 
link between a bus line and a module may include 
two separate point-to-point link lines, one for a bus 
driver and one for a bus receiver. Alternately each 
point-to-point links between a bus line and a mod- 
ule may be tri-level, including only a single point- 
to-point link line, that is, a signal transmitted be- 
tween a module and a bus driver or bus receiver 
on the single point-to-point link line is at one of 
three levels. In a tri-level system, a module's trans- 
mit latch and receive latch as well as a bus driver 
and a bus receiver are all connected to a single 
point-to-point link line. However, the bus driver 
responds only to the data on the output of the 
transmit latch, and the receive latch responds only 
to data from the bus receiver. 

In the preferred embodiments of the present 
invention, each bus chip includes only one or two 
bus lines. The bus chips are arranged on cards 
stacked in a first direction. The modules may be 
arranged around the stack of cards in a variety or 
orientations. For example, the modules may be 
arranged around the stack of cards in a star forma- 
tion, each module being oriented in a plane which 



is parallel to the first direction and perpendicular to 
each card in the stack of cards. Alternately, the 
modules may be arranged in two stacks on two 
sides of the stack of cards, each module being 
s oriented in a plane which is parallel to the first 
direction and perpendicular to each card in the 
stack of cards. 

The present invention has several advantages 
over the prior art. For example, each bus line is 
w reduced to a node inside an integrated circuit. The 
bus line thus has a capacitance that is two orders 
of magnitude less than the capacitance of a con- 
ventional bus. This reduces the power required to 
drive the bus by two orders of magnitude. 
is Also, in addition to the power saving, the 

present invention also increases the maximum data 
transfer rate of the bus by a factor of at least 3 to 5 
over the prior art. depending on the technology 
used for comparison, the type of bus protocol and 
20 the mode of transfer used. The reasons for the 
improved speed includes, for example, the elimina- 
tion of bus settling time. Since the bus line is now 
reduced to a node within an integrated circuit, there 
is no reflections or settling times that limit bus 
25 performance. Further, the point-to-point links used 
by the present invention are merely an extension of 
links that exist between each date/address latch 
and transceiver in the prior art. However, point-to- 
point links are 3 to 5 times lesser propagation 
30 delay than a loaded bus as described in the prior 
art. Additionally, due to low capacitive loading to 
the bus node inside the bus-chip, the propagation 
delay through the bus chip from bus driver input to 
bus receiver output is very small. In fact, for a 
35 given technology (TTL. CMOS. ECL etc) the bus 
chip can have a delay that is considerably less 
than that of a transceiver in the prior art. This, in 
combination with the lower delays in the point-to- 
point links to modules significantly reduces the 
40 round trip delay of the bus inclusive of the bus 
driver and bus receiver delays. Consequently, the 
latency dependent bus transfer rates-which in- 
cludes all types of bus transfers except source 
synchronous uncompelled burst transfers used in 
45 some asynchronous buses--and bus 
arbitration/access times are significantly improved. 

Maximum data transfer is also increased be- 
cause of small chip skews. Due to the lower power 
requirement of driving point-to-point links, these 
so links can be directly driven by VLSI chips that 
incorporate the entire data path and the synchro- 
nization signal on the same chip. This drastically 
reduces the skews between these lines. Also, the 
chip to chip skews of the bus chip can be kept 
55 small because of various advantages. For example, 
the low power dissipation keeps the temperature of 
all bus chips close to ambient. By incorporating 
these chips physically close together as an integral 
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part of the backplane system their temperature can 
be kept substantially the same independent of the 
polarity of any given bit on the bus. Their supply 
voltage also can be substantially the same for the 
same reason. Due to constant loading of the bus 
node and the point-to-point links, the propagation 
delay variations that occur between the bus chips 
are mainly due to process variations which can be 
compensated for either by circuit design or by on- 
chip trimming of the delays during the manufactur- 
ing process. Lower skews increase the data trans- 
fer rate on skew limited transfer modes such as 
source synchronous uncompelled burst transfers 
used in some asynchronous buses. 

Further, maximum data transfer is also in- 
creased because of smaller clock distribution 
skews. On centrally clocked (synchronous) buses, 
the present invention reduces the clocked distribu- 
tion skew by an order of magnitude. In the prior art, 
a central bus clock is generated on one designated 
module and sent over a bus line to other boards. 
Due to the finite propagation delay of the bus. the 
clock arrives at different boards at different times. 
This is called the spatial skew. Additionally, the 
skews between bus receivers in different modules 
connected to the clock line also add to the clock 
distribution skew. The worst case value of these 
skews plus other delay components determine the 
maximum data rate or clock frequency. In the 
present invention, the central clock, independent of 
its location on the bus, first arrives at the bus node 
inside the bus chip and then gets distributed from 
there to all other modules through identical bus 
receivers on the same chip. These bus receivers 
have very little skew between them. Furthermore, 
the length of the point-to-point links from the chip 
to the modules can be made substantially the 
same by layout design which results in simulta- 
neous arrival of clock pulses to all modules with 
minimum skew between them. In addition, there is 
no need to restrict the position of the module with 
the central clock to a particular slot on the bus. 

Finally, maximum data transfer is also in- 
creased because the present invention eliminates 
wire-OR glitch delays. The present invention elimi- 
nates wire-OR glitches caused by the transmission 
line nature of the bus lines in the prior art. This not 
only eliminates the need for glitch filters on these 
lines but also eliminates the delays introduced by 
such glitch filters. Such delays are equal to the bus 
round trip delay plus the tolerance of the circuit. 
The elimination of the need for glitch filters in the 
present invention reduces the arbitration times on 
both synchronous and asynchronous buses that 
use distributed arbitration protocols and increases 
data transfer rates on asynchronous multi-slave 
transfers that use Wire-OR handshake lines. 

The present invention also has the advantage 



that burst rates are limited only by current technol- 
ogy. Due to low propagation delays, the point-to- 
point links don't need to be terminated except for 
very high transfer speeds. For example, the rise 

5 and fall times of a signal across a point-to-point link 
measured from 20% to 80% have to get small than 
the 2 times propagation delay (approximately 1 .7 
nanoseconds for a one foot long backplane) before 
transmission line effects become significant. Even 

10 then, point-to-point links can be series terminated 
at the source to avoid reflections. Series termina- 
tion, which can be used only on point-to-point links, 
has the advantage that it does not require D.C. 
power. With a fully terminated link the data transfer 

is can occur at very high rates that are only limited 
by the technology used for the bus drivers and bus 
receivers. 

The present invention also has the advantage 
of freeing up board space on the plug-in modules 

20 as well as providing power savings. With no high 
powered bus transceivers required on plug-in mod- 
ules, there is more board space and power avail- 
able for incorporating additional functionality. 

Further, the present invention is independent of 

25 technology and bus protocol. Thus, existing buses 
can be upgraded without software changes, allow- 
ing the systems to take advantage of the higher 
speed. 

Also, since in the present invention each bit is 

30 isolated to a bus chip module which can be shield- 
ed from adjacent boards by using a ground plane, 
the cross talk is greatly reduced. In the prior art, 
however, due to long parallel runs of the bus lines, 
cross talk is a severe problem requiring special 

35 attention. 

Additionally, in the present invention bus per- 
formance is independent of bus load distribution. In 
the prior art, uneven distribution of modules along 
the length of a partially populated backplane 

40 causes discontinuities in the bus impedance result- 
ing in reflections that need to be accommodated, 
usually at the expense of performance. Certain 
worst case distributions can cause intermittent fail- 
ure that are hard to predict or design around. In the 

45 present invention the bus loading is unaffected by 
the presence or absence of plug-in modules at any 
slot. Thus, the bus behaves the same way under all 
loading conditions and performances is not com- 
promised to accommodate all loading configura- 

50 tions. 

Further, in the present invention there is no 
restriction on spacing between bus plug-in mod- 
ules. In the prior art closer spacing of modules 
reduces bus impedance. In the present invention 
55 this is not an issue because the spacing between 
modules has no bearing on bus loading. In fact, 
smaller spacings reduce the length of traces to the 
bus chip improving performance and makes the 
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backplane more compact. 

Also, the present invention provides for greater 
mechanical and electrical flexibility over the prior 
art. Bus connectors can be mounted on all sides of 
bus chip module boards. This allows for single 5 
board computers to be built as a module on the 
bus. but without a bus backplane for low entry cost. 
A backplane may be added later with a required 
number of slots by simply plugging in one of the 
backplane slots to the mother board. The mechani- 10 
cal flexibility of the bus chip architecture of the 
present invention allows for many configurations. 
Also, since the plug-in module to backplane con- 
nections is made up of point-to-point links, it is 
easy to extend the interconnection by using ex- /5 
tender cards or flexible cabling without the need for 
active repeaters. The impedance of the P C. board 
traces on the bus chip is approximately 100 ohms. 
This is close to the impedance of most cables, thus 
providing a good impedance match. In the prior art. 20 
the extension acts like a stub which severely af- 
fects the bus performance unless active devices 
are used to isolate the stub close to the main bus. 
With the present invention, the only limitation to the 
length of the extension is the added delay. For 25 
very useful distances of a few inches to a couple of 
feet, the reduction in the maximum data transfer 
rate is small compared to the flexibility of extend- 
ing the bus to another chassis. 

A backplane designed according to the prior 30 
art requires expensive multi-layer (typically 5 to 8 
layers) printed circuit board technology with plated 
through holes. The bus chip modules according to 
the present invention can be implemented in low 
cost two layer surface mount technology with one 35 
layer being just a ground plane and without the 
requirement of plated through holes. Due to 
scalability of this architecture at the bit level, iden- 
tical bus chip modules can be used to build dif- 
ferent types and sizes of buses which increase the 40 
volume of the modules reducing the cost of manu- 
facturing. Backplanes can be easily repaired by 
simply replacing a faulty bus chip module. In the 
prior art backplane, any shorts or opens in the 
multi-layer board or damages to the plated through 45 
holes during connector insertion are not repairable 
and therefore, reduces the yield increasing produc- 
tion cost. The present invention also allows elec- 
trical performance testing at the backplane level to 
guarantee delays and skews. Such testing is possi- so 
ble because the bus drivers and bus receivers on 
each bus chip are independent of the plug-in mod- 
ules. This also makes specifying bus standards 
easier and precise, increasing compatibility be- 
tween boards from different vendors even at very 55 
high data rates. There is additional cost savings 
resulting from the removal of transceivers from the 
modules and savings due to reduced power re- 
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quirements of the bus system. 

Finally, since the modules of the present inven- 
tion are isolated from the bus node by the bus 
chip, the architecture allows for reliable live inser- 
tion and removal. By designing the module to 
present the high impedance bus state on a bus 
driver output during insertion or removal of mod- 
ules, it is possible to perform maintenance or re- 
configuration of the bus without turning the power 
off. In the prior art, live insertion and removal is 
inherently more difficult because of the change in 
bus loading during the insertion and removal. 

While the present invention is particularly suit- 
ed for the enhancement of performance of a phys- 
ical layer implementation of a bus topology, the 
invention may also be used to enhance perfor- 
mance of other topologies such .as the physical 
implementation of a ring topology or a circuit 
switched topology. 

Brief Description of the Drawings 

Figures 1 through 4 describe a prior art phys- 
ical layer bus architecture. 

Figure 5 shows an implementation of. a bus 
backplane and plug-in modules in accordance with 
a preferred embodiment of the present invention. 

Figure 6 shows a physical layer bus architec- 
ture in which bus receivers and bus drivers have 
been placed with a bus line on an integrated circuit 
in accordance with a preferred embodiment of the 
present invention. 

Figure 7 shows an example of a schematic of 
bus drivers and bus receivers for a bus imple- 
mented in accordance with a preferred embodi- 
ment of the present invention. 

Figure 8 shows an example of wiring on a bus 
backplane in order to assure a wiring between a 
bus chip and each module is equidistance in accor- 
dance with a preferred embodiment of the present 
invention. 

Figure 9 shows an alternate implementation of 
a bus backplane and plug-in modules in accor- 
dance with a preferred embodiment of the present 
invention. 

Figures 10 through 13 show implementation 
details of the bus backplane of Figure 9 in accor- 
dance with a preferred embodiment of the present 
invention. 

Figure 14 shows another alternate implementa- 
tion of a bus backplane and plug-in modules in 
accordance with a preferred embodiment of the 
present invention. 

Figure 1 5 shows an example of a schematic of 
a bus architecture in which bus receivers and bus 
drivers have been placed with a bus line on an 
integrated circuit which uses CMOS technology in 
accordance with a preferred embodiment of the 
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present invention. 

Figure 16 shows an example of a schematic of 
bus receivers and bus drivers and a bus on an 
integrated circuit which uses TTL technology in 
accordance with a preferred embodiment of the 
present invention. 

Figure 17 shows an example of a schematic of 
bus receivers and bus drivers and a bus on an 
integrated circuit using a standard implementation 
of ECL logic in accordance with a preferred em- 
bodiment of the present invention. 

Figure 18 shows an example of a schematic of 
bus receivers and bus drivers and a bus on an 
integrated circuit using a non-standard shifted ECL 
logic implementation in accordance with a pre- 
ferred embodiment of the present invention. 

Figure 19 shows an example of a bus architec- 
ture in which a plug-in module is connected to a 
bus integrated circuit using only a single lino tri- 
level bi-directional link in accordanco with a pre- 
ferred embodiment of the presnni invention 

Figure 20 shows an example nf an altnrnato 
bus architecture implemented in CMOS in *hich a 
plug-in module is connected to a bos mtcgratod 
circuit using only a single line tn-lcvol t* -directional 
link in accordance with a preferred embodiment of 
the present invention. 

Figures 21 through 24 give block diagram ex- 
amples of configurations using detachable bus bac- 
kplanes in accordance with preferred embodiments 
of the present invention. 

Figure 25 shows a physical layer implementa- 
tion of a ring topology in which interconnect receiv- 
ers and interconnect drivers have been placed with 
ring monitor logic on an integrated circuit in accor- 
dance with an alternate preferred embodiment of 
the present invention. 

Figure 26 shows a physical layer implementa- 
tion of a circuit switched topology in which inter- 
connect receivers and interconnect drivers have 
been placed with switching logic on an integrated 
circuit in accordance with another alternate pre- 
ferred embodiment of the present invention. 

Description of the Prior Art 

in Figures 1 and 2 simplified diagrams of prior 
art bus systems are shown. A mother board 1 
houses a bus backplane. Plug-in modules 3 are 
connected to the bus backplane through connec- 
tors 2. Trace lines 4 serve as the physical medium 
of the bus. Trace lines 4 include a trace line for 
every data/address line of the bus as well as addi- 
tional clock and/or control lines. For example a 
thirty-two bit bus might typically include thirty-two 
data/address lines, a clock line, and twenty control 
lines for a total of 53 tines. As shown in Figure 3. 
each plug-in module 3 includes a bus driver 10 and 



a bus receiver 1 1 for each of trace lines 4 of the 
bus. 

Figure 4 shows a schematic of receive and 
transmit logic for a bit line 30 of a typical prior art 

5 synchronous bus. An end drive clock source 32 
provides a clock signal for the system. Alternately, 
a center drive clock source 29 may be used. A 
clock signal from the clock source 29 or 32 travels 
to every plug-in module along a clock line 31. 

io Logic for driving a single bus line are shown for 

a plug in module 43 and a plug-in module 44. 
When plug-in module 43 transmits data, data to be 
transmitted is placed on an input 23 of a transmit 
latch 22. Protocol logic 20 through a gate 21 con- 

75 trols forwarding of data on input 23 to in output 25 
of transmit latch 22. Plug-in module 43 receives the 
clock signal to a line 26 through a bus receiver 28. 
Data is transmitted to bit line 30 on the bus back- 
plane via a bus driver 27. 

20 When plug-in module 44 receives data, data is 

received from bit line 30 through a bus receiver 34 
to an input 37 of a receive latch 38. Protocol logic 
40 through a gate 39 controls forwarding of data to 
an output 41 of receive latch 38. Plug-in module 44 

25 receives the clock signal to a line 36 through a bus 
receiver 33. 

The maximum data transfer rate for state-of- 
the-art buses in limited by several delay compo- 
nents. For example there is delay as a signal 

30 travels through bus driver 27 and bus receivers 28, 
33 and 34 (tD.tR). There is delay while input to 
receive latch 38 is set-up and while data is held by 
receive latch 38 (ts.th). There is delay while the 
clock signal travels through gate 21 to output 25 of 

35 transmit latch 22 (tCO); there is delay as a signal 
propagates through bus bit line, 30 (tB). There is 
delay while reflections of the signal on the bus 
settles (tST). There is delay caused by skew be- 
tween bus driver 27 and other bus drivers on plug- 

40 in module 43 (tDsk), between bus receiver 28 and 
other receivers on plug-in module 43 (tRsk), be- 
tween bus receiver 33 and other receivers on plug- 
in module 44 (tRsk), between bus receiver 34 and 
other bus drivers on plug-in module 44 (tRsk), 

45 between transmit latch 22 end other transmit 
latches on plug-in module 43 (tCOsk), between 
receive latch 38 and other receive latches on plug- 
in module 44 (tssk), between bus line 30 and other 
bus lines on the bus backplane (tBsk). There is 

so also clock distribution skew (tCsk) when a centrally 
generated clock is used. 

The peak data rate on well known state-of-the 
art 32 bit standard buses such as Nubus, Multibus 
II or VMEbus is limited to about one transfer per 

55 1 00 nanoseconds or 1 0 Megatransfers/second 
(MT/S). Of this delay 30 to 35 percent is due to the 
settling time resulting from the insufficient drive of 
the bus drivers. Sufficient drive and proper termina- 
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tion of the bus, using BTL for example, would 
improve the transfer rate to around 15 MT/S. 

Description of th e Preferred Embodiment 

In accordance with a preferred embodiment of 
the present invention, bus lines, along with bus 
drivers and bus receivers for the bus line, are 
placed on integrated circuits. For example, Figure 
5 shows an implementation of the present invention 
wherein a bus backplane consists of a plurality of 
cards 90 through 107. Plug in modules 110 through 

117 are connected to the bus backplane through 
connectors 131 through 138. A bus protocol circuit 
on each plug-in module coordinates data transfer 
through the bus. For example, on plug-in module 
1 10, a bus protocol circuit 139 is shown. 

Each of cards 90 through 107 an integrated 
circuit, also called a bus chip, may include a bit 
line of the bus along with ail the bus drivers and 
bus receivers for the bit line. For example, an 
integrated circuit 118 on card 90 includes one bit 
line of the bus and an associated bus driver and 
bus receiver for each of plug-in modules 110 
through 117. For each plug-in module 110 through 
117, integrated circuit 118 has a pair of wires, one 
of which is a point-to-point link for input to the-bit 
line within integrated circuit 118 and one of which 
is a point-to-point link for output from the bit line 
within integrated circuit 118. For example, a pair of 
wires 121 is connected between integrated circuit 

118 and plug in module 110 through connector 
131. A pair of wires 122 is connected between 
integrated circuit 118 and plug in module 111 
through connector 132. A pair of wires 123 is 
connected between integrated circuit 118 and plug 
in module 112 through connector 133. A pair of 
wires 124 is connected between integrated circuit 
118 and plug in module 113 through connector 
134. A pair of wires 125 is connected between 
integrated circuit 118 and plug in module 114 
through connector 135. A pair of wires 126 is 
connected between integrated circuit 118 and plug 
in module 115 through connector 136. A pair of 
wires 127 is connected between integrated circuit 
118 and plug in module 116 through connector 
137. A pair of wires 128 is connected between 
integrated circuit 118 and plug in module 117 
through connector 138. 

A common line 130, whiph may be, for exam- 
ple, a ground or a power supply line is connected 
to integrated circuit 118 and each of plug-in mod- 
ules i 10 through 1 17 respectively through connec- 
tors 131 through 1 38. Lines 140 and 141 of in- 
tegrated circuit 118 are miscellaneous inputs for 
ground, power supply, etc. 

Figure 6 shows a simplified version of how a 
bus chip according to the present invention may be 



implemented for a synchronized (clocked) bus. A 
clock source is placed to an input 59 of an in- 
tegrated circuit 72. Integrated circuit 72 has a bus 
receiver for every plug-in module. For example, in 
5 Figure 6 are shown a bus receiver 58. a bus 
receiver 63 a bus receiver 73 and a bus receiver 
74, each of which drive a point-to-point link be- 
tween integrated circuit 72 and a plug-in module. 
For example, a plug-in module 88 receives a clock 
to signal to a gate 51 through a line 61. A plug-in 
module 89 receives the clock signal to a gate 69 
through a line 66. 

A bus line 83 is contained within a bus chip 75. 
Bus drivers and bus receivers provide point-to- 
ys point connections between each plug-in module 
and bus line. For example, in Figure 6 are shown a 
bus receiver 78, a bus driver 79, a bus receiver 82, 
a bus driver 57. a bus driver 77, a bus receiver 87, 
a bus driver 76 and a bus receiver 64. Each bus 
20 driver and bus receiver has a point-to-point link 
with a plug-in module. For example, bus driver 57 
is connected to plug-in module 88 through a line 
60. Bus receiver 82 is connected to plug-in module 
88 through a line 85. Bus driver 76 is connected to 
25 plug-in module 89 through a line 84. Bus receiver 
64 is connected to plug-in module 89 through a 
line 80. 

When plug-in module 88 transmits data, data to 
be transmitted is placed on an input 53 of a trans- 
30 mit latch 52. Protocol logic 50 through a gate 51 
controls forwarding of data on input 53 to point-to- 
point link line 60. 

When plug-in module 89 receives data, data is 
received from point-to-point link line 80 to a receive 
35 latch 68. Protocol logic 70 through a gate 69 con- 
trols forwarding of data to an output 71 of receive 
latch 68. 

Figure 7 shows a CMOS implementation of 
interface circuitry between a bus chip and a plug-in 

40 module. Within a plug-in module 150. a transmit 
latch output stage consists or a transistor 156 and 
a transistor 157 connected as' shorn between a 
power line 160 and a ground line 159. Data to be 
transferred to a bus line 171 is placed on an input 

45 line 1 58 of the transmit latch output stage. For high 
speed transmission, a resistor 154 may be added 
which matches the impedance of approximately 
100 ohms in point-to-point link line 152. 

Also within plug-in module 150, a receive latch 

so input stage consists of a transistor 161 and a 
transistor 162 connected as shown between power 
line 160 and ground line 159. Data received from 
bus line 171 through point-to-point link line 153 is 
placed on an output line 163 of the receive latch 

55 input stage. 

Bus chip 151 includes a bus driver and a bus 
receiver for every plug-in module connected to bus 
line 171. For example, a bus driver for bus line 171 
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is shown to include a transistor 164, a transistor 
(65 and a transistor 166 connected as shown. A 
bus receiver for bus line 171 is shown to include a 
transistor 167. a transistor 168, a transistor 169 and 
a transistor 170 connected as shown. For high 5 
speed transmission, a resistor 173 may be added 
which matches the impedance of approximately 
100 ohms in point-to-point link line 153. A resistor 
172 serves to provide resistance between bus line 
171 and power line 160. A resistor 175, for exam- 10 
pie 100 kilo ohms, serves to place the bus driver in 
a high impedance state when no module is at- 
tached at point-to-point link line 152. 

Figure 8 shows how it is possible to equalize 
the delay between a bus chip and each plug-in 75 
module. This may be done by equalizing the length 
of the point-to-point link line between the bus chip 
and each plug-in module. For example, lines 182 
on a card 180 connect a bus chip 183 to connec- 
tors 181. Lines 182 are laid so as to be equal 20 
length. Similarly lines 183 can be laid between bus 
chip 184 and connectors 185 in a pattern which 
mirrors the layout of lines 182. 

Figure 9 shows a top view of a configuration for 
a bus backplane. Connectors 191 through 198 are 25 
shown placed on two sides of the bus backplane. A 
plurality of cards are stacked between the connec- 
tors 191 through 198. In Figure 9, only a top card 
190 is shown. Card 190 includes a bus chip 200 
which includes two lines dedicated to each connec- 30 
tor 191 through 198. For each connector the two 
lines may include a transmit line and a receive line 
when bus chip contains only a single bus line. 
When bus chip 200 contains two bus lines, then 
each line passes signals for both transmission and 35 
reception. In this case, bus chip 200 implements 
tri-level logic as will be more fully described below. 
A ground line 202 is connected to the bus back- 
plane through a connector 1 99. A power line 203 is 
connected to the bus backplane through a connec- 40 
tor 201. 

Figure 10 shows a side view of the bus back 
plane shown in Figure 9. When completely assem- 
bled, a card is in every one of slots 216 of the bus 
backplane Most of the cards will contain a bus 45 
chip; however, some cards may not have a bus 
chip because all bus connector pins connected to 
that card may be assigned to ground or VCC. This 
is usually the case for a few cards on the top and 
the bottom of a stack of cards. In Figure 10 only 50 
bus card 190, a bus card 21 1, a bus card 213 and 
a bus card 215 are shown. As discussed above, 
each bus chip includes one or two bus lines. 

As seen in Figure 10, the spacing between 
pins on the bus connector needs to be sufficient to 55 
allow for the height of the bus chip. However, 
typical spacings between pins on a bus connector 
is 100 mils. Therefore it is necessary to make the 



bus chip module as thin as possible. Figures 1 1 
through 13 show ways that the height of the back- 
plane may be shortened further. 

For example, as shown in Figure 11. placement 
of bus chips 226 through 228 respectively on cards 
221 through 223 have been staggered allowing a 
hole 224 in card 221 and a hole 225 in card 222 to 
be cut. 

Alternately, bus chips may be mounted within a 
hole in a card. As shown in Figure 12, a bus chip 

234 is mounted in a hole in a card 231, a bus chip 

235 is mounted in a hole in a card 232 and a bus 
chip 236 is mounted in a hole in a card 233. 

Another solution is to mount bus chip dies 
directly on cards using an epoxy covering. As 
shown in Figure 13, a bus chip die 244 has been 
mounted on a card 241 using an epoxy covering 
247,. a bus chip die 245 has been mounted on a 
card 242 using an epoxy covering 248 and a bus 
chip die 246 has been mounted on a card 243 
using an epoxy covering 249. 

Figure 14 shows a bus backplane configuration 
in which the length of point-to-point link lines be- 
tween bus . chips and. plug-in modules are mini- 
mized. As shown, plug-in modules 250 are ar- 
ranged in a star formation around the bus back- 
plane. A bus chip 252 is shown as the top level of 
the bus backplane. The bus chips are connected to 
plug-in modules 250 through connectors 251. Pow- 
er posts 253, running the length of the bus back- 
plane supply power to the bus backplane. Each 
bus chip, may include a single bus line with stan- 
dard two level logic, or may contain two bus lines, 
in which case tri-level logic would be used. 

Figure 15 shows a CMOS implementation of a 
bus chip which contains a single bus line 272. A 
resistor 274 serves to provide resistance between 
bus line 272 and a power line 271. A bus driver 
input line 261 is connected to a first plug-in mod- 
ule. A bus driver input line 262 is connected to a 
second plug-in module. A bus driver input line 263 
is connected to a third plug-in module. A bus driver 
input line 264 is connected to a fourth plug-in 
module. Bus driver circuitry separates bus line 272 
from bus driver input lines 261 through 264. For 
example, bus driver circuitry consisting of a transis- 
tor 277, a transistor 278. and a transistor 278 is 
shown connected to bus driver input line 261. A 
resistor 279, for example. 100 kilo ohms, is used to 
place the bus driver in a high impedance atate 
when no module is connected to bus driver input 
line 261. Similarly, bus driver circuitry consisting of 
a transistor 280, a transistor 281 and a transistor 
282 is shown connected to bus driver input line 
262. A resistor 289, for example. 100 kilo ohms, is 
used to place the bus driver in a high impedance 
state when no module is connected to bus driver 
input line 262. 
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A bus receiver output line 266 is connected to 
the first plug-in module. A bus receiver output line 
267 is connected to the second plug-in module. A 
bus receiver output line 268 is connected to the 
third plug-in module. A bus receiver output line 269 
is connected to the fourth plug-in module. 

Bus receiver circuitry separates bus line 272 
from bus receiver output lines 266 through 269. For 
example, circuitry consisting of a transistor 275 and 
a transistor 276, connected as shown between 
power line 271 and a ground line 270 separate a 
line 273 from bus line 272. Bus receiver circuitry 
consisting of a transistor 283 and a transistor 284 
is shown connected between line 273 and bus 
receiver output line 266. Similarly, bus receiver 
circuitry consisting of a translator 285 and a tran- 
sistor 286 is shown connected between line 273 
and bus receiver output line 267. 

In the implementation shown by Figure 15. an 
open drain wire-OR bus is used instead of a tristate 
bus to avoid the tristate control line that needs to 
be connected back to each module. A tristate bus 
will increase the number of point-to-point links to 
each module to three. Alternatively, a common 
tristate line can be used for the entire width of the 
data/address path requiring only one additional link 
for the set of line controlled. However, this would 
require interconnections between bus modules 
which would increase the complexity of the back- 
plane system. The wire-or bus avoids these prob- 
lems and simplifies the electro-mechanics of the 
backplane. 

To get off the bus, a plug-in module simply 
outputs a high state or the high impedance state on 
all lines that need to be released. This allows 
another module to drive the bus. Tristate bus dri- 
vers are preferred in prior art busses because of 
the active pull up that provides high dynamic cur- 
rent. But, due to the very low node capacitance of 
the bus node on a bus-chip, this is not an issue for 
implementations using the present invention. 

For example, a 16 module bus-chip is ex- 
pected to have a capacitance of approximately 1 
pF in one micron CMOS technology. This requires 
only a one kilo ohm pull-up resistor for a 1 
nanosecond time constant. This amounts to a sup- 
ply current of 5 mA typical or a DC power con- 
sumption of 25 milliwatts (mW) at a power supply 
voltage of 5 volts for the entire chip. The CMOS 
implementation shown in Figure 15 can be used at 
any power supply voltage down to 3.3 volts with 
standard transistor threshold of 0.7 to 0.8 volts. 

Non-inverting bus drivers and bus receivers are 
shown in the embodiment shown in Figure 15 for 
two reasons. First, the use of a standard inverter 
before the open drain bus driver allows for the 
input to have a standard CMOS threshold. Second, 
the bus input capacitance can be minimized by 



using minimum size open drain bus driver transis- 
tors and a single bus receiver inverter stage input 
connected to the bus node followed by separate 
bus receiver output stages for each module. How- 

5 ever, inverting bus drivers and bus receivers could 
provide faster speeds in some technologies such 
as open collector bipolar implementations. 

For example, Figure 16 shows how a bus driv- 
er and a bus receiver within a bus chip may be 

io implemented using TTL logic. A resistor 291 pro- 
vides resistance between a bus line 290 and a 
power line 298. Bus line 290 and resistor 291 are 
common for all bus drivers end bus receivers with- 
in the bus chip. Bus driver circuitry connects a bus 

75 driver input 292 with bus line 290. Bus driver 
circuitry consists of resistors 294 and transistors 
295 connected as shown between power line 298 
and a ground line 299. Bus receiver circuitry con- 
nects a bus receiver output 293 with bus line 290. 

20 Bus receiver circuitry consists of resistors 297 and 
transistors 296 connected as shown between power 
line 298 and ground line 299. 

Figure 17 shows a standard ECL implementa- 
tion of an integrated circuit. A single bus line 306 is 

25 an open emitter wire-or bus which has a high 
impedance state corresponding to a low on bus 
line 306 when all bus driver inputs are low. This is 
the opposite of an open collector/drain configura- 
tion where the high impedance state is a high on 

30 the bus line. Bus line 306 is connected through a 
current source 305 to a V EE voltage source at, for 
example, -4.5 volts. A resistor 303 common for all 
bus drivers on the integrated circuit is connected to 
a Vcc line 301 which is typically at 0 volts. A 

35 transistor 321 and a resistor 331 serve as a bus 
driver for an input bus driver line 311. A transistor 
322 and a resistor 332 serve as a bus driver for an 
input' bus driver line 312. A transistor 323 and a 
resistor 333 serve as a bus driver for an input bus 

40 driver line 313. For each additional input bus driver 
lines, an additional transistor and resistor are ad- 
ded. 

A resistor 304 and a transistor 307 are com- 
mon for all bus receivers. Transistor 307 has a 

45 base biased at, for example, at a standard 100K 
ECL threshold of -1.3 volts. A transistor 326 serves 
as a bus receiver for a bus receiver output 316. A 
transistor 327 serves as a bus receiver for a bus 
receiver output 317. A transistor 328 serves as a 

so bus receiver for a bus receiver output 318. 

Figure 18 shows an alternate ECL implementa- 
tion of a bus driver and a bus receiver for a single 
bus line 342 within an integrated circuit. A Vcc lir >e 
341 is typically at 0 volts. A V EE line 340 is typi- 

55 cally at -4.5 volts. A resistor 345' is common for all 
bus drivers connected to single bus line 342. A bus 
driver input 343 in connected to a bus driver which 
includes a transistor 344. A bus driver input 336 is 
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connected to a bus driver which includes a transis- 
tor 334. A bus driver input 337 is connected to a 
bus driver which includes a transistor 335. A tran- 
sistor 346 is common for a bus receiver output 
347, a bus receiver output 348 and a bus receiver 
output 349. 

One of the disadvantages of the above-dis- 
cussed dual point-to-point links to each module is 
that it requires two connector pins for each bus 
signal line. It also means that two pins need to be 
dedicated to each signal line on the bus 
protocol/interface chip in the module. This could be 
a severe limitation in reducing the entire bus inter- 
face to a single VLSI chip because a 32-bit bus 
with 60 active bus lines would require 120 lines on 
the bus side of the chip alone. This limitation can 
be overcome one of two ways. Due to the increase 
data transfer rate possible with the present inven- 
tion the bus data/address path width could be 
reduced by doing multiple transfers on the bus for 
each word on the module side of the bus protocol 
chip. For example, an 8-bit bus interface running at 
four times the speed of prior art bus systems can 
maintain the same data rate as the prior art bus for 
a 32-bit system, but would require only one-fourth 
of the 120 lines discussed above. The second 
approach is to use a tri-level scheme to send data 
to and from the bus chip on a single point-to-point 
link line for each bus line. 

Figure 19 shows a CMOS implementation of 
bus drivers and bus receivers in which for a bus 
line 365 within a bus chip 351, a single point-to- 
point link line 352 connects a plug-in module 350 
to bus chip 351. Plug-in module 350 includes a 
power line 354, typically at 5 volts and a ground 
line 355. Within plug-in module 350, a transmit 
latch output stage, also called a link driver, for data 
placed on input 353 includes a transistor 361, a 
transistor 359 and a resistor 360 connected as 
shown. A receive latch input stage, also called a 
link receiver, for data received to output line 356 
includes a transistor 358 and a transistor 357. Tran- 
sistor 357 functions as a current source and has a 
voltage bias on gate 378 of transistor 357 of, for 
example, two volts. 

Bus chip 351 includes a power line 362, typi- 
cally at 5 volts, and a ground line 363, at zero 
volts. A bus driver includes a transistor 366, a 
transistor 367 and a transistor 368. A resistor 371 
and a transistor 370 provide current source bias at 
a bias node 379 for all bus drivers on bus line 365. 
A transistor 369 provides pull-up current for bus 
line 365. Transistors 366 and 369 function as cur- 
rent sources with the current flow controlled by the 
value of resistor 371. Resistor 371 is an optional 
programmable current source resistor which, by 
controlling the current through transistors 366 and 
369, controls the delay through bus chip 351. Al- 



though shown within bus chip 351, resistor 371 
may be placed external to bus chip 351 to allow for 
the resistance value to be more easily changed. 
The use of resistor 371 to vary the current sources 

5 allows for compensation of bus chip delay changes 
due to process variations and allows for the mini- 
mization of chip to chip skews. The current source 
circuit consisting of transistor 366, transistor 369, 
transistor 370 and resistor 371 can also be de- 

io signed to have a temperature trend that compen- 
sates for the temperature variation of the delay 
through the bus chip to minimize chip to chip 
skews. 

A bus receiver includes a transistor 373, a 

75 transistor 374, a transistor 375 and a transistor 376 
connected as shown. 

The threshold voltage of all the transistors is 
approximately 0.75 volts. Thus the turn-on voltage 
for bus driver input transistor 367 is 0.75 volts. 

20 Similarly, receive latch input transistor 358 is 
turned on at voltages below 4.25 QJcc - the thresh- 
old voltage of transistor 358). When input 353 is 
asserted high, transistor 359 is turned on and tran- 
sistor 361 is turned off. This asserts point-to-point 

25 link line 352 low. The gate of transistor 358 is low 
which turns transistor 358 on. Also, the gate of 
transistor 367 is low, turning off transistor 367, 
which results in transistor 368 being turned on and 
bus line 363 being pulled low. While a bus receiver 

30 output 377 may be initially high, it remains isolated 
from point-to-point link line 352 by the resistor 372. 
Once bus line 365 is active low, this turns off 
transistor 376 and turns on transistor 375 pulling a 
node 364 high. This in turn turns on transistor 373 

35 and turns off transistor 374 pulling bus receiver 
output 377 low. Thus, when the link driver is driving 
point-to-point link line 352 low, this state is cor- 
rectly transmitted to bus line 365 and to the link 
receiver. ' 

4o When input 353 is asserted low, transistor 353 

is turned off and transistor 361 is turned on. Since 
resistor 360 is chosen to be equal to resistor 372, 
the voltage on point-to-point link line 352 is pulled 
up to 2.5 volts. Since the transistor 358 is on when 

45 its gate voltage is below 4.25 volts, transistor 358 
remains on and output line 356 remains high. How- 
ever, transistor 367 is turned on which in turn turns 
off transistor 368 releasing the bus. If bus line 365 
is being hold low by some other plug-in module, 

so then bus receiver output 377 will remain low. Oth- 
erwise, bus line 365 be pulled high by current 
source 369. turning off transistor 375 and turning 
on transistor 376 which pulls node 364 low. This in 
turn turns off transistor 373 and turns on transistor 

55 374 resulting in bus receiver output 377 being 
asserted high. Once bus receiver output 377 is 
high, point-to-point link line 352 will become high 
[5 volts), resulting in transistor 358 being turned off 
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and output line 356 being asserted low. As can be 
seen above, when the link driver output is in the 
high state (2.5 Volts or 5 Volts) bus driver output 
(i.e., output of transistor 368) in released, but the 
status of bus line 365 is passed through point-to- 
point link line 352 to the link receiver correctly 
without disturbing the bus driver. 

The values of resistors 360 and 372 can be 
chosen for the time constant needed for the speed 
or operation. When for example, point-to-point link 
line 352 is six inches, the trace capacitance will be 
approximately 10 picofarads and chip loading on 
each end could be 5 pico farads resulting in a total 
of 20 pico farads. In this case, if resistors 360 and 
372 are each chosen to have a resistance of 200 
ohms, a time constant of the connection will be 2 
nano seconds, which is sufficient for up to 50 
megatransfers per second. The link can he approxi- 
mated to a lumped load because the propagation 
delay of the link (.85 nanoseconds) in much smaller 
than the rise time. If the value of resistors 360 and 
372 is chosen to be equal to the characteristic 
impedance of point-to-point link link 352. i.e., ap- 
proximately 100. ohms, then the tri-level circuit 
shown in Figure 19 provides perfect termination 
under all conditions allowing operation at extremely 
high data rates when point-to-point link link 352 
behaves like a transmission line. 

It may not be desirable to include resistor 360 
in plug-in module 350 because process variations 
can result in the value of resistor 360 variation as 
much as 20% relative to the value of resistor 372 
Such a variation can change the middle voltage of 
2.5 volts by as much as 0.5 volts, thus reducing 
noise margins slightly. 

Figure 20 shows an alternate embodiment. A 
plug-in module 380 varies from plug-in module 350 
only in the removal of transistor 361 and resistor 
360. A bus chip 381 varies from bus chip 351 only 
in the placement of resistor 360 between point-to- 
point link line 352 and power line 362. In this way 
resistor 372 and resistor 360 do not vary from each 
other based on process variations. However, the 
result is an open drain transmit latch which has to 
sink twice the current to pull down the link under 
some conditions as compared to the design shown 
in Figure 19. One further advantage of this embodi- 
ment over that shown in Figure 19 is that when 
there is no module connected to point-to-point link 
line 352, power line 360 through resistor 360 pulls 
the the gate of transistor 367 high, placing the 
output of the the bus driver in a high impedance 
state. 

A tri-level circuit can be implemented in other 
technologies. For example, it is possible to design 
a tri-level bus chip using a combination of ECL and 
TTL technology, that can directly interface to a 
standard TTL or CMOS tri-state bus drivers and 



bus receivers used as output/input stages of the 
latch in the plug-in module. This would allow opera- 
tion with existing plug-in modules. 

Figures 21 through 24 show alternate configu- 

5 rations of microcomputers using a bus-on-chip bac- 
kplane. In Figure 21, a mother board 391 within a 
computer enclosure 390 in connected to a bus 
backplane 394 through a bus connector 392 and a 
power connector 393. Plug-in modules 395 are 

10 connected to bus back plane 394 through bus 
connectors 396. 

In Figure 22, a mother board 401 within a 
computer enclosure 400 is connected to a bus 
backplane 404. Plug-in modules 405 are connected 

is to bus back plane 404 through bus connectors 406. 
Also shown within computer enclosure 400 are a - 
power supply 407, a hard disk 408 and a floppy 
disk 409. 

In Figure 23, a mother board 411 is shown 
20 together with a power supply 417 and a disk drive 
418 within a computer enclosure 410. Mother board 
411 in connected to a bus backplane 414 within an 
extension box 412 through a flexible ribbon cable 
419. Plug-in modules 415 are connected to bus 
25 back plane 414 through bus connectors 416. 

In Figure 24, a mother board 421 within a 
computer enclosure 420 is connected to a bus 
backplane 424. Plug-in modules 425 are connected 
to bus back plane 424 through bus connectors 426. 
30 Also shown within computer enclosure 420 are a 
power supply 427 and a disk disk 428. 

The present invention may be extended to 
other interconnection topologies besides a bus to- 
pology. For example, for the backplane shown in 
35 Figure 5, a number of interconnection topologies 
may be implemented merely by replacing the bus 
chip on cards 90 through 107 with integrated cir- 
cuits which include receivers, drivers and logic 
which implement other types of interconnection 
40 topologies. 

. Figure 25. for instance, shows a physical layer 
implementation of one bit of a ring backplane on on 
integrated circuit 510. Modules are connected to 
the ring implemented on integrated circuit 501 
45 through point-to-point link lines 511 through 518. 
Within integrated circuit 501, point-to-point link 
lines 511 through 518 interface with the ring 
through interconnect drivers 531 through 538 and 
through interconnect receivers 521 through 528. 
so In backplanes utilizing a ring topology, the out- 

put of one module is connected to the input of 
another module in a sequence such that all the 
modules are connected in series to form a ring. 
The data transmitted from one module may pass 
55 through many other modules before reaching the 
destination module Some type of protocol, e.g.. 
register insertion ring or token ring, is used for ring 
access, address and data transfer. Control informa- 
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tion such as a destination address can be sent 
either as part of the data stream or by using a 
separate bit line or lines. 

Ring topology can support higher data transfer 
rates and use bandwidth Of broadcast media more 5 
efficiently than a bus due to inherent advantages of 
ring topology and ring protocols. Ring topology . 
therefore, is often used for interconnection in com- 
puter systems when bus topologies cannot support 
bandwidth requirements and thus the addition com- w 
plexity of a ring topology and ring protocol is 
justified. 

In addition to providing physical connection 
between modules, integrated circuit 501 can also 
include ring monitor logic 540 which performs tunc- 75 
tions such as automatic detection and bypassing of 
unplugged or inoperative modules using one of 
bypass switches 551' through 558, so that the ring 
is always closed and operative. Similarly, when a 
new module is plugged in, ring monitor logic 540 20 
could d tect this automatically and insert module 
into the ring by opening one of by pass switches 
551 through 558. 

Figure 26 shows a physical layer implementa- 
tion of one bit of a circuit switched backplane on an 25 
integrated circuit 610. Modules are connected to 
the circuit switch implemented on integrated circuit 
601 through point-to-point link lines 611 through 
614. Within integrated circuit 601, point-to-point link 
lines 611 through 614 interlace with the circuit 30 
switch matrix through interconnect drivers 631 
through 634 and through interconnect receivers 
621 through 624. 

Circuit switched interconnection schemes are 
used in high end computers and network switching 35 
nodes to allow for multiple simultaneous data ex- 
changes between modules. For example, in mul- 
tiprocessor systems that have a large number of 
processor— e.g., 64 processors or more— bus and 
ring topologies become inadequate because of 40 
limited bandwidth of the shared media. By estab- 
lishing multiple simultaneous connections between 
pairs of modules, the bandwidth limitation is re- 
moved. However, using conventional approaches 
the circuit switched topology is on interconnection 45 
nightmare to implement because of the number of 
connections that have to go in and out of a central 
switch. For example, for a 16 module system with 
64 bit wide busses, a central switch has to accom- 
modate 2048 lines for a full duplex connection plus 50 
control signal lines such as a clock etc. However, 
using the present invention, each bit of the bus 
may be implemented on a separate integrated cir- 
cuit resident on a card and requiring only 32 pins 
per chip independent of the width of the bus or the 55 
number of control lines. 

Switching logic 640 controls switches 641 
through 652 to provide multiple simultaneous data 



exchanges between modules based on information 
from the point-to-point links. Alternately, switches 
641 through 652 may be controlled using a central 
control module 639. which is connected by a point- 
to-point link to each integrated circuit implementing 
one or more bits of the circuit switched topology. 
Other modules could communicate with the control 
module on separate bit lines using bus or ring 
protocol or by using dedicated fines from each 
module to the control module located on one or 
more cards on the backplane in order to establish 
or dismantle connections. 

The foregoing discussion discloses and de- 
scribes merely exemplary methods and embodi- 
ments of the present invention. As will be under- 
stood by those familiar with the art, the invention 
may be embodied in other specific forms without 
departing from the spirit or essential characteristics 
thereof. Accordingly, the disclosure of the present 
invention is intended to be illustrative, but not limit- 
ing, of the scope of the invention, which is set forth 
in the following claims. 

Claims 

1. A bus backplane which electrically couples a 
plurality of modules, the bus backplane com- 
prising: 

at least one integrated circuit, each of the 
at least one integrated circuits including at 
least one bus line, and for each of the at least 
one bus line, each of the at least one in- 
tegrated circuits including a plurality of bus 
receivers and bus drivers which provide a 
point-to-point link for each of the plurality of 
modules. 

2. A bus backplane as in claim 1 wherein the at 
least one integrated circuit each are resident 
on a card, the cards being arranged in parallel. 

3. A bus chip which implements communication 
between a plurality of modules, the bus chip 
comprising: 

a bus line; 

a plurality of bus driver/receiver means, 
coupled to the bus line, each bus 
driver/receiver means for a providing point-to- 
point link between a module from the plurality 
of modules and the bus line. 

4. A bus chip as in claim 3 wherein each bus 
driver/receiver means includes: 

bus driver means, electrically coupled by a 
first point-to-point link line to a transmit latch of 
an associated module from the plurality of 
modules, for driving the bus tine based on an 
output of the transmit latch; and 
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bus receiver means, electrically coupled 
by a second point-to-point link line to a receive 
latch of the associated module, for receiving a 
value on the bus line and forwarding the value 
to the receive latch. 



24 



each of the plurality of modules. 

9. A bus backplane as in claim 8 additionally 
comprising a plurality of point-to-point link 
lines connecting the plurality of modules to the 
plurality of integrated circuits wherein all point- 
to-point link lines from the plurality of point-to- 
point link lines are of equal length. 

10. A bus backplane as in claim 8 wherein the 
plurality of integrated circuit are resident on a 
plurality of cards, the cards being stacked in a 
first direction to form a stack of cards. 

11. A bus backplane as in claim 10 wherein the 
modules are arranged around the stack of 
cards in a star formation, each module being 
oriented in a plane which is parallel to the first 
direction and perpendicular to each card in the 
stack of cards. 

12. A bus backplane as in claim 11 additionally 
comprising a plurality of point-to-point link 
lines connecting the plurality of modules to the 
plurality of integrated circuits wherein all point- 
to-point link lines from the plurality of point-to- 
point link lines are of equal length. 

13. A bus backplane as in claim 10 wherein the 
modules are arranged in two stacks on two 
sides of the stack of cards, each module being 
oriented in a plane which is parallel to the first 
direction and perpendicular to each card in the 
stack of cards. 

14. A bus backplane as in claim 10 wherein each 
integrated circuit is mounted in a hole in one of 
the plurality of cards. 

15. A bus backplane as in claim 10 wherein, ex- 
cept for an integrated circuit on a card which is 
on top of the stack of cards, each integrated 
circuit extends through a hole in a next card 
above a card on which the integrated circuit is 
mounted. 

16. A bus backplane as in claim 10 wherein a die 
for each integrated circuit is mounted and cov- 
ered by epoxy on a card from the plurality of 
cards. 



A bus chip as in claim 3 wherein each bus 
driver/receiver means is tri-level and includes: 

bus driver means, electrically coupled by a 
point-to-point link line to a transmit latch of an w 
associated module from the plurality of mod- 
ules, for driving the bus line based on an 
output of the transmit latch; and 

bus receiver means, electrically coupled 
by the point-to-point link line to a receive latch is 
of the associated module, for receiving a value 
on the bus line and forwarding the value to the 
receive latch; 

wherein the bus driver means responds 
only to data on an output of the transmit latch. 20 
and the receive latch responds only to data 
from the bus receiver means. 

A bus chip as in claim 3 wherein the bus chip 
additionally includes: 25 
a second bus line; 

a second plurality of bus driver/receiver 
means, coupled to the second bus line, each 
bus driver/receiver means from the second 
plurality of bus driver/receiver means for pro- 30 
viding a point-to-point link between a module 
from the plurality of modules and the second 
bus line. 

A bus chip as in claim 6 wherein each bus 35 
driver/receiver means from the second plurality 
of bus driver/receiver means is tri-level and 
includes: 

bus driver means, electrically coupled by a 
point-to-point link line to a transmit latch of an 40 
associated module from the plurality of mod- 
ules, for driving the second bus line based on 
an output of the transmit latch; and 

bus receiver means, electrically coupled 
by the point-to-point link line to a receive latch 45 
of the associated module, for receiving a value 
on the second bus line and forwarding the 
value to the receive latch. 

A bus backplane which electrically couples a so 
plurality of modules, the bus backplane com- 
prising: 

a plurality off integrated circuits, each of 
the plurality of integrated circuits including et 
least one bus line, and for each of the at least 
one bus line, the plurality of integrated circuits 
including a plurality of bus receivers and bus 
drivers which provide a point-to-point link to 



17. A method for providing for data communication 
between a plurality of modules, the method 
comprising the steps of: 

(a) providing a plurality of bus lines within at 
least one integrated circuit; 

(b) connecting the plurality of modules to 
the plurality of bus lines through point-to- 
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point links implemented using bus drivers 
and bus receivers included within the at 
least one integrated circuit and which pro- 
vide an electrical interface between the plu- 
rality of bus lines and the plurality of mod- 5 
ules. 

18. A method as in claim 17 wherein the point-to- 
point links include a plurality of point-to-point 

link lines wherein all point-to-point link lines w 
from the plurality of point-to-point link lines are 
of equal length. 

19. A method as in claim 17 wherein the at least 

one integrated circuit are each resident on at 75 
least one card, the at least one card being 
stacked in a first direction to form a card stack. 

20. A method as in claim 19 wherein step (b) 
includ s 20 

arranging the modules around the card 
stick in a star formation, each module being 
oriented in a plane which is parallel to the first 
direction and perpendicular to each card in the 
card stack. 25 

21. A method as in claim 19 wherein stop (b) 
includes 

arranging the modules in two stacks on 
two sides of the card stack, each module being 30 
oriented in a plane which is parallel to the first 
direction and perpendicular to each card in the 
card stack. 

22. A backplane which electrically couples a plu- 35 
rality of modules, the backplane comprising: 

at least one integrated circuit, each of the 
at least one integrated circuits including at 
least a one bit implementation of an intercon- 
nection topology, and for each of the at least 40 
one bit implementations, each of the at least 
one integrated circuits including a plurality of 
interconnect receivers and interconnect drivers 
which provide a point-to-point link for each of 
the plurality of modules. 45 

23. A backplane as in claim 22 wherein the at least 
one integrated circuit each are resident on a 
card, the cards being arranged in parallel. 

50 

24. A backplane as in claim 22 wherein the inter- 
connection topology is a bus topology. 

25. A backplane as in claim 22 wherein the inter- 
connection topology is a ring topology. 55 

26. A backplane as in claim 22 wherein the inter- 
connection topology is a circuit switched topol- 



ogy- 

27. A backplane which electrically couples a plu- 
rality of modules, the backplane comprising: 

a plurality of integrated circuits, each of 
the plurality of integrated circuits including at 
least one bit of an interconnection topology, 
and for each of the at least one bit of the 
interconnection topology, the plurality of in- 
tegrated circuits including a plurality of inter- 
connect receivers and interconnect drivers 
which provide a point-to-point link to each of 
the plurality of modules. 

28. A backplane as in claim 27 additionally com- 
prising a plurality of point-to-point link lines 
connecting the plurality of modules to the plu- 
rality of integrated circuits wherein all point-to- 
point link lines from the plurality of point-to- 
point link lines are of equal length. 

29. A bus backplane as in claim 27 wherein the 
plurality of integrated circuit are resident on a 
plurality of cards, the cards being stacked in a 
first direction to form a stack of cards. 

30. A backplane as in claim 29 wherein the inter- 
connection topology is a bus topology. 

31. A backplane as in claim 29 wherein the inter- 
connection topology is a ring topology. 

32. A backplane as in claim 29 wherein the inter- 
connection topology is a circuit switched topol- 
ogy. 

33. A method for providing for data communication 
between a plurality of modules, the method 
comprising the steps of: 

(a) providing a physical layer implementa- 
tion of an interconnection topology within at 
least one integrated circuit; 

(b) connecting the plurality of modules to 
the physical layer implementation of the in- 
terconnection topology through pdint-to- 
point links implemented using interconnect 
drivers and interconnect receivers included 
within the at least one integrated circuit and 
which provide an electrical interface be- 
tween the physical layer implementation of 
the interconnection topology and the plural- 
ity of modules. 

34. A method as in claim 33 wherein the point-to- 
point links include a plurality of point-to-point 
link lines wherein all point-to-point link lines 
from the plurality of point-to-point link lines are 
of equal length. 



14 



27 



EP 0 488 057 A1 28 



35. A method as in claim 34 wherein the at least 
one integrated circuit are each resident on at 
least one card, the at least one card being 
stacked in a first direction to form a card stack. 

5 

36. A method as in claim 19 wherein step (b) 
includes 

arranging the modules around the card 
stack in a star formation, each module being 
oriented in a plane which is parallel to the first 10 
direction and perpendicular to each card in the 
card stack. 

37. A backplane as in claim 36 wherein the inter- 
connection topology is a bus topology. is 

38. A backplane as in claim 36 wherein the inter- 
connection topology is a ring topology. 

39. A backplane as in claim 36 whoroin the inter- 20 
connection topology is a circuit swiichocl topol- 
ogy. 
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